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,QWURGXFWLRQ
7KHPDLQREMHFWLYHUHVHDUFKHGZDVFRQVWUXFWLRQRIVWRFKDVWLFIRUHFDVWLQJPRGHOIRUODUJHRSHQZDWHUUHVHUYRLUZLWK
VWRUDJH IXQFWLRQ $GYDQWDJH RI VWRFKDVWLF IRUHFDVWLQJPRGHO LV IDQ RI SRVVLELOLWLHV ZKLFK LV DEOH EHWWHU GHVFULEH
IXWXUH GHYHORSPHQW RI UDQGRPSURFHVV WKDQ GHWHUPLQLVWLFPRGHO )ORZ LQPHDVXUH SURILOH FRXOG EH FODVVLILHG DV
UDQGRPSURFHVV)RUFRQVWUXFWLRQRIVWRFKDVWLFIRUHFDVWLQJPRGHOZDVXVHGLQWHUIDFHRISURJUDP0DWODE7KH
PDLQ WDVN IRUPRGHOZDV DELOLW\RI IRUHFDVWLQJGURXJKWPRQWK DQGPRQWKZLWK DYHUDJH IORZZKLFK DUH FULWLFDOO\
LPSRUWDQWIRUPDQDJHPHQWRIODUJHRSHQZDWHUUHVHUYRLUZLWKVWRUDJHIXQFWLRQ7KHPRGHOZRUNVZLWKSULQFLSOHRI
DGDSWDELOLW\ ZKDW IRU PRGHO IRU HDFK WLPH VWHS PRYHPHQW LV IRUJRWWHQ SUHYLRXV FDOFXODWLRQV DQG FDOFXODWLRQ RI
PRGHOLVVWDUWHGDJDLQEXWZLWKGDWDIRUQHZWLPHVWHS
'DWDSUHSDUDWLRQ

)RUFRQVWUXFWLRQRIIRUHFDVWLQJPRGHOZDVXVHG\HDUORQJUHDOIORZVHULHVDYHUDJHPRQWKO\IORZV7KHIORZVHULHV
ZDVPHDVXUHGLQPHDVXULQJSURILOH%tORYLFHZKLFKLVVLWXDWHGRQULYHU6YLWDYD$ERYHWKHSURILOHDUHQRWVLWXDWHG
ODUJHRSHQZDWHUUHVHUYRLUDQGWKHUHIRUHQDWXUHGHYHORSPHQWRIIORZVHULHVLVQRWDIIHFWHGE\PDQDJHPHQWRIODUJH
RSHQZDWHUUHVHUYRLU7KHILUVW\HDUVZHUHXVHGIRUFRQVWUXFWLRQRIIRUHFDVWLQJPRGHO7KHODVW\HDUVZHUHXVHG
IRU YDOLGDWLRQ RI WKH PRGHO 'DWD ZHUH VRUWHG DFFRUGLQJPRQWKZKHQ WKH\ ZHUH PHDVXUHG 7KH GDWD KDG WR EH
WUDQVIRUPHG LQWR WKH VWDQGDUGQRUPDOGLVWULEXWLRQEXWYDOXHRI DV\PPHWU\ZDVQRQ]HUR IRU HDFKGLVWULEXWLRQRI
GDWDVHWDQGWKHUHIRUHDV\PPHWU\KDGWREHHOLPLQDWHG)RUHOLPLQDWLRQRIDV\PPHWU\ZDVXVHG%R[&R[UXOH>@
EHFDXVHDYHUDJHPRQWKO\ IORZFRXOGEHRQO\SRVLWLYHQXPEHU IRU WUDQVIRUPDWLRQZHUHXVHG(T3UREOHPZHUH
YDOXHVRISDUDPHWHUr,ZKLFKKDGWREHRSWLPL]HG*ULGPHWKRGZDVFKRVHQDVPHWKRGRIRSWLPL]DWLRQ2SWLPL]DWLRQ
ZDVFDOFXODWHGYDOXHRISDUDPHWHUrDQGUHVXOWLQJYDOXHRIDV\PPHWU\DIWHUWUDQVIRUPDWLRQGDWDVHWZDVLQUDQJH
WR
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:KHUH Yi LV WUDQVIRUPHG DYHUDJH PRQWKO\ IORZ ZLWKRXW DV\PPHWU\ x LV DYHUDJH PRQWKO\ IORZ ZKLFK ZLOO EH
WUDQVIRUPHGE\HTXDWLRQDQGrLVFRHIILFLHQWRIWUDQVIRUPDWLRQIRUFKRVHQPRQWK
'DWDVHWVZHUHWUDQVIRUPHGRQVWDQGDUGQRUPDOGLVWULEXWLRQE\DSSURSULDWHWUDQVIRUPDWLRQHTXDWLRQVLQQH[WVWHS

2.1 Model 
 
0RGHO LV EDVHG RQ OLQHDU DXWRUHJUHVVLYH PRGHO ZKLFK IRUHFDVWLQJ YDOXHV RI DYHUDJH PRQWKO\ IORZ IURP OLQHDU
FRPELQDWLRQ SUHYLRXV YDOXHV RI DYHUDJH PRQWKO\ IORZ DXWRUHJUHVVLYH FRHIILFLHQWV DQG UDQGRP QXPEHUV (DFK
DXWRUHJUHVVLYH FRHIILFLHQWZDV FDOFXODWHG IURP<XOH:DONHU HTXDWLRQV >@)RUHFDVWLQJ IORZ LV FDOFXODWHG IURP
(T  ZKHQPDWFKLQJ SDLUV DUH VXEVWLWXWHG WR WKLV HTXDWLRQ 7KHPDWFKLQJ SDLUV DUH FRQVLVWHG RI DXWRUHJUHVVLYH
FRHIILFLHQW DQG DYHUDJH PRQWKO\ IORZ WUDQVIRUPHG RQ VWDQGDUG QRUPDO GLVWULEXWLRQ  0RGHO LV XVHG UHTXLUHG
QXPEHURI DYHUDJHPRQWKO\ IORZ EDFNZDUG DQG UHTXLUHG OHQJWKRI IRUHFDVW  LV JLYHQE\FDOFXODWLRQ
:KROHSURFHVV LV UHSHDWHGIRUHDFKIRUHFDVWLQJPRQWKO\ IORZE\ WLPHV7KLVYDOXHRI UHSHDWLQJZDVFKRVHQ
EHFDXVHPRGHOQHHGVHQRXJKQXPEHUVRIUHSHDWLQJWRFRQVWUXFWLRQRIHPSLULFDOFXUYHRISUREDELOLW\DQGQXPEHURI
UHSHDWLQJFRXOGQRWEHWRRKLJKGXHWRFRQVXPSWLRQRIWLPHIRUFDOFXODWLRQ'XULQJUHSHDWLQJLVFKDQJLQJRQO\YDOXH
rnd LQ(TEHFDXVHWKLVSDUDPHWHULVFKDQJHGPRGHOLVJLYHQHDFKWLPHGLIIHUHQWYDOXHVRIIRUHFDVW)RUHFDVWLV
WUDQVIRUPHGEDFNWRGLVWULEXWLRQZKLFKLVPDWFKLQJZLWKGLVWULEXWLRQRIPRQWKIRUZKRVHIRUHFDVWZDVFDOFXODWHG
0RGHOLVPRYHGE\RQHVWHSPRQWKIRUZDUGDIWHUDOOUHSHDWLQJDQGZKROHFDOFXODWLRQLVUHSHDWHGZLWKGDWDVHWIRU
QH[WVWHS LIQXPEHURI IRUHFDVWLQJ IORZ LVKLJKHU WKDQ )URPWH[WDERYH LVFDPHRXW LI IRUHVW LV ORQJHU WKDQ
PRQWKWKDQPRGHOLVFDOFXODWHGZLWKPHDVXUHGGDWDDQGIRUHFDVWZKLFKZDVJLYHQE\PRGHOEHFDXVHVL]HRIPDWUL[
ZKLFKLVLQSXWWHGWR<XOH:DONHU(THTXDWLRQVLVQRWFKDQJHG
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WUDQVIRUPHG LQWR VWDQGDUG QRUPDO GLVWULEXWLRQ  ZKLFK LV PDWFKHG ZLWK FRHIILFLHQW a d LV PD[LPDO QXPEHU RI
EDFNZDUG DYHUDJH PRQWKO\ IORZ ZKLFK ZHUH XVHG E\ PRGHO DQG rnd LV UDQGRP QXPEHU IURP VWDQGDUG QRUPDO
GLVWULEXWLRQ

5HVXOWVDQGGLVFXVVLRQV
$YHUDJHPRQWKO\IORZQmZLWKKLJKIORZUDWHZKLFKZHUHLQIOXHQFHGE\IORRGZDVUHPRYHGEHFDXVHIORRGVDUH
VWDWLVWLFDOO\XQSUHGLFWDEOHQm ZLWKYDOXHVRI IORZUDWHKLJKHU WKDQ WZLFHRIPHGLDQ IRUFRUUHVSRQGLQJPRQWKZDV
FODVVLILHG DVPRQWK LQIOXHQFHG E\ IORRG$YHUDJH DEVROXWH HUURUEr EHWZHHQ UHDOQm DQG IRUHFDVWHGQm IRU HDFK
PRQWKLQOLQHWRZDVFKRVHQDVWKHPDLQFULWHULDIRUVXFFHVVIXOQHVVRIIRUHFDVWLQJPRGHO:KDWGRHVTXLQWLOH
IURPSUREDELOLVWLF GLVWULEXWLRQ RI SUREDELOLW\ IRUHFDVWHGQm VKRXOG EH XVH"$YHUDJHPHGLDQPRGH DQGTXLQWLOHV
IURPZLWKVWHSWRZHUHFKRVHQ0RGHOZDVJLYHQIRUHDFKPRQWKGLIIHUHQWYDOXHVRIHUURUEr. 9DOXHV
RI HUURUEr ZDVGHSHQGHGRQQXPEHURIQm EDFNZDUGZKLFK IRUHFDVWLQJPRGHOZDVXVHG7KHEHVW UHVXOWVZHUH
JLYHQZKHQPRGHOZDVXVHGWRQm EDFNZDUG5HVXOWVZHUHVKRZHGXSWKDWHUURUEr ZDVUHDFKHGWKHVPDOOHVW
YDOXHIRUHDFKPRQWKIRUGLIIHUHQWQXPEHUQm EDFNZDUG)RUGURXJKWPRQWKZDVWKLVYDOXHHTXDO
,IQmZDVIRUHFDVWHGE\WKHPRGHOUHFXUUHQWO\DQGZHUHXVHGIRUHFDVWHGQmZKLFKZHUHFDOFXODWHGE\WKHPRGHO
UHVXOWVZHUHEHWWHUWKDQUHVXOWVRIWKHPRGHOZKLFKIRUHFDVWLQJQmRQO\ZLWKPHDVXUHGYDOXHV7KLVZDVDSDUDGR[
7KH SDUDGR[ ZDV UHSHDWHG IRU DOO WHVWHG YDOXHV DYHUDJH PHGLD HWF LQ WKLV PRQWK 0DUFK $SULO 2FWREHU
1RYHPEHUDQG'HFHPEHU7KHEHVWUHVXOWVZHUHJLYHQE\PRGHOLIQm ZHUHIRUHFDVWHGDVWRLQOLQH)RUPRGXV
ZDVHUURUEr LQUDQJH±PV±7KHHUURUEr IRUGURXJKWPRQWKVZDVLQUDQJH±PV
5HDOYDOXHVRIQm DUHDVVXPHGYDOXHVPV LQGURXJKWPRQWKVIRU6YLWDYD ULYHU0HGLDQZDVJLYHQ
EHWWHUUHVXOWVWKDQDYHUDJHIRUGURXJKWPRQWKVDQGIRUPRQWKVZLWKDYHUDJH QmEXWWKHUHVXOWVZHUHQRWEHWWHUWKDQ
UHVXOWVRIPRGXV$YHUDJHZDVJLYHQEHWWHUUHVXOWVWKDQPHGLDQIRUPRQWKVZLWKKLJKHUYDOXHVRIQm4XLQWLOHVZHUH
JLYHQWKHEHVWUHVXOWV5DQJHRIHUURU(UIRUWKHEHVWTXLQWLOHVZDV±PVDQGIRUGURXJKWPRQWKV
ZDV WKLV UDQJH ± PV    $V WKHEHVW TXLQWLOHV IRUGURXJKWPRQWKV WKH UHVXOWVZHUH VKRZHGXS
TXLQWLOHVUDQJH±DQGIRUPRQWKZLWKDYHUDJH Qm ZDVUDQJH±(DFKPRQWKKDVGLIIHUHQWYDOXHRI
TXLQWLOH IRUZKLFK WKHPRGHO LVJLYHQ WKHVPDOOHVWHUURUEr.7KHUHVXOWVRI WKHPRGHODUHXQGHUYDOXHGDJDLQVWUHDO
YDOXHVQm

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IORZ UDWH RIQm 7KHVH PRQWKV DUH FULWLFDOO\ LPSRUWDQW IRU WKH PDQDJHPHQW RI ODUJH RSHQ ZDWHU UHVHUYRLU ZLWK
VWRUDJHIXQFWLRQ)RUPRQWKZLWKKLJKHUIORZUDWHRIQmZHUHYDOXHVRI WKHHUURUErKLJKHUEXW ODUJHRSHQZDWHU
UHVHUYRLUGRQRWKDYHSUREOHPZLWKODFNRIZDWHULQUHVHUYRLUIRUWKHVHPRQWKV)RUWKLVUHDVRQWKHPDQDJHPHQWRI
WKHUHVHUYRLULVDEOHWRWROHUDWHDKLJKHUHUURUErIRUWKHVHPRQWKV$ODUJHRSHQZDWHUUHVHUYRLULVDEOHWRFRPSHQVDWH
WKHHUURUErZLWKLWVYROXPHRIVWRUDJHZDWHULIYDOXHVIRUWKHHUURUErDUHQRWWRRELJ

7KHIRUHFDVWLQJPRGHOLVDEOHSUHGLFWYDOXHVRIQm ZLWKJRRGUHVXOWV9DOXHVRIQm DUHXQGHUYDOXHGFRPSDUHGWRUHDO
YDOXHVRIQmZLWKGXHWRWKLVDWWULEXWHWKHIRUHFDVWLQJPRGHOLVJRRGIRUWKHXVHLQWKHPDQDJHPHQWRIWKHUHVHUYRLU
EHFDXVHXVLQJRIIRUHFDVWLQJPRGHOVKRXOGEHOHDGWRDPRUHDJJUHVVLYHPDQDJHPHQWRIODUJHRSHQZDWHUUHVHUYRLU
ZLWKVWRUDJHIXQFWLRQ$JJUHVVLYHPDQDJHPHQWYHU\RIWHQOHDGVWRORQJHUEXWVKDOORZHUIDLOXUH)RUHFDVWLQJPRGHO
ZLOOEHWHVWHGLQWKHPDQDJHPHQWRIODUJHRSHQZDWHUUHVHUYRLUVZKHUHDVVXPSWLRQVVKRXOGEHFRQILUPHG

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